This study was inspired by the restructuring of a mid-sized private research university's mechanical engineering undergraduate major. This restructuring consists of offering major "concentrations" in several different areas which were developed based on student and alumni feedback, and redesigning academic advising for mechanical engineering majors.
division thermoscience and mechanical design courses. Based on student and alumni surveys as well as faculty feedback, the BSME is being redesigned to offer topic concentrations in order to provide students with increased flexibility and choice within their major. The mechanical engineering department at this university administers undergraduate majors in three areas -the BSME and two additional general engineering majors with an emphasis in biomechanical (BS-Engineering, Biomechanical; referred to as BSBME or BME) and design (BS-Engineering, Design referred to as BS-Design). Together, these three majors share a number of core courses, and therefore the students' experience in their respective majors overlaps to some extent.
This restructuring is an opportunity for reflection on the major and, in particular, a time to assess the overall departmental climate for undergraduate students; we call this the ME-related undergraduate climate. We highlight three aspects of this climate: Self-Beliefs, Major and Support Perceptions, and Habits and Activities. The model of climate in Figure 1 was informed by the larger literature on climate and culture (as described in the next section) and considers that self-beliefs are formed by and inform perceptions of the surrounding community and environment. At the same time there is interplay between those self-beliefs and perceptions, and an individual's behaviors. This paper looks specifically at students' self-beliefs and perceptions of supports at a departmental level, as guided by the following questions:
What can be learned about our students' self-beliefs and perceptions of supports? How do they differ by gender and major? 2. How might self-beliefs and perceptions of supports be related?
The results of this study will be used to inform aspects of the restructuring of the mechanical engineering major, as well as interventions to better utilize current resources and possibly design new programs and support services. 
Organizational Culture and Organizational Climate
Organizational culture and organizational climate are two distinct frameworks in organizational psychology. Organizational culture is defined as shared beliefs, values and assumptions that regulate an environment and are taught to newcomers whom joined the said environment. (summarized from p. 362 of Schneider, Ehrhart, & Macey, 2013) . On the other hand, Schneider, Ehrhart, & Macey (2013) describe organizational climate as "the shared perception of and the meaning attached to the policies, practices, and procedures employees experience and the behaviors they observe getting rewarded and that are supported and expected." (p. 362) The relationship between both concepts is not straightforward since the concept of climate is sometimes viewed as evidence of or a subset of culture, and other times is viewed as an entirely different phenomenon to be studied independently (Schein, 2016) . In this paper, however, we consider climate as an artifact of the culture of an environment (Schein, 2016) .
Study of Culture and Climate in STEM Education
The study of STEM education culture or climate in higher education has been largely based on the broader frameworks of organizational culture and organizational climate. For example, Godfrey & Parker (2010) utilized Schein's model to study the culture of an engineering school, resulting in a "conceptual framework of cultural dimensions that has the potential to guide the understanding of culture in the context of engineering education." (p. 5) As another example, Cech & Waidzunas (2011) loosely adapted the definitions of culture and climate to study lesbian, gay, and bisexual (LGB) students' experiences in an engineering institution. Their ethnographic study on the experiences of LGB students in an engineering school showed how the "chilly climate", a term coined in the work by Hall and Sandler (1982) , experienced by LGB students within an engineering institution was a manifestation of the overall heteronormative culture of the engineering field more broadly. These findings are consistent with the notion that climate provides behavioral evidence to reaffirm culture within a setting.
Additional research references the framework of climate primarily through the deployment of climate surveys. Departmental climate was studied to understand the experiences female faculty members working in STEM departments (Callister, 2006; Riffle et al., 2013) . Metz, Brainard, & Gillmore (1999) conducted a pilot climate survey for undergraduate engineering students to study students' self-confidence in engineering courses, academic self-confidence, and perceptions on an engineering degree and other important factors. A similar study by Rinehart & Watson (1998) in Texas A&M University focused on gender differences in beliefs, attitudes, and experiences in the engineering school. The survey instrument included questions that involved the barriers women face in pursuing a career in engineering.
The aforementioned works of Metz, et al (1999) , Rinehard & Watson (1998) and Godfrey & Parker (2010) inspired our current investigation of how climate and cultural frameworks can be used to inform the assessment of departmental climate for a major's restructuring. In summary, for this paper, climate is defined as the shared perceptions of and meaning attached to the policies, practices, and procedures students experience and the behaviors they observe getting rewarded and that are supported and expected in the mechanical engineering department; culture is defined as the shared beliefs, values, and assumptions that regulate, in this case the mechanical engineering department, and are taught to new students who declared a major within the department.
Engineering Culture and Climate in terms of Gender and Major
A significant number of studies of in this area focus on the experiences of women in the field, whether as students, faculty, or engineers. Godfrey (2003) , in her dissertation, studied the relationship between engineering culture and gender using a case study method, which shows a masculine culture within the engineering field and how the university of interest countered that by encouraging and supporting more women to participate in the field. The climate studies mentioned in the previous section showed that male and female students perceive their respective undergraduate engineering experiences differently (Metz et al., 1999; Rinehart & Watson, 1998) , and highlight the need for additional exploration of gender differences. Differences based on major is another construct of interest in the current study. As noted earlier, the department houses different majors (ME, Design, BME) and each major has its own sub-culture and subclimate. Having different majors within a department creates a "diversity in educational beliefs and attitudes", which could potentially result in tension between majors over "unforeseen differences in beliefs around academic autonomy related to teaching, assessment, and adherence to administrative requirements" (Godfrey & Parker, 2010, p. 15) . In addition, the department's courses also support students in majors outside of mechanical engineering which may also contribute to the experiences of majors as well as the notion of climate in the department. As for the design and deployment of our climate survey, particularly related to instrument questions on students' perceptions on support students get from the engineering community, and faculty support, and on skill-beliefs, and ability confidence, we drew from the Building, Recruiting And Inclusion for Diversity (BRAID) initiative. BRAID is a partnership between the Anita Borg Institute and Harvey Mudd College, and will be discussed further in the Methods section.
Methods

Design of the Departmental Climate Assessment Survey Instrument
The design of a survey instrument to assess departmental climate drew primarily from two existing instruments -the Engineering Majors Survey (EMS) developed by the National Science Foundation (NSF)-funded National Center for Engineering Pathways to Innovation (Epicenter) and a survey developed by BRAID. Additional items were also created to explore issues and questions not addressed by the EMS and BRAID instruments.
The Engineering Majors Survey (EMS) draws upon psychological theories of career choice to ask students about their "innovation self-efficacy", their expectations for the outcomes of innovative behaviors, their innovation interests, and their goals around doing innovative work in their early careers. Designed to measure a comprehensive range of undergraduate learning experiences that may influence students' beliefs about their ability to innovate, the instrument has been administered to over 30,000 engineering juniors and seniors across a nationally representative sample of 27 U.S. engineering schools. Selected items from the EMS for the climate survey included those identifying diverse high school and college learning experiences, as well as the innovation and engineering task self-efficacy scales, and students' interactions in personal and professional contexts.
The Building, Recruiting, And Inclusion for Diversity (BRAID) initiative aims to increase the percentage of women and underrepresented minority students in computer science. The research efforts employ longitudinal and mixed methods approaches including surveys, interviews and focus groups to address questions regarding the effectiveness of institutions in recruiting and retaining students. Selected items from the BRAID survey for the current climate survey included those identifying student skill beliefs, engineering identity, and faculty support (Sax, Lehman, & Blaney, 2016; Anita Borg Institute, 2017) .
Lastly, a number of items were created to address issues specific to the departmental environment in mechanical engineering and included questions related to how students felt about inclusivity based on gender, race and ethnicity, socioeconomic status, and disability. These new items were evaluated and refined through pilots of the survey instrument with current and recently graduated students from the mechanical engineering department. Table 1 summarizes the key areas addressed by the survey and the constituent variables; the areas we focus on in this paper are highlighted in gray. The specific times in the variables included in this paper are insulted in the results section. 
Self-Beliefs
SKILL BELIEFS: These questions were adapted from BRAID to relate directly to engineering, and was used in this situation to measure how confident students felt about their engineering skills. Examples include finding employment, winning an engineering contest, and becoming a leader in engineering. These items specifically emphasized engineering to allow us to see if there were differences in how confident design students felt about their engineering skills compared to mechanical engineering students.
ABILITY CONFIDENCE: These items were adapted from the EMS for use in evaluating student innovation self-efficacy (ISE.6, indicating the original 6 item construct from EMS), engineering task self-efficacy (ETSE), and professional/interpersonal self-efficacy. The only change made to this set of items was breaking up one of the engineering task self-efficacy items into three distinct parts. The original prompt read "Conduct experiments, build prototypes, or construct mathematical models to develop or evaluate a design". The altered items distinguished between confidence in conducting experiments, building prototypes, and constructing mathematical models because of a hypothesis that there would be significant differences between how confident mechanical engineering and design students would feel about the individual parts of that question -design students would likely feel more comfortable building prototypes due to the emphasis in the major courses on prototyping, while the mechanical engineering major courses emphasize use of MATLAB and other modeling software more.
ENGINEERING IDENTITY: These items were included from BRAID, adapted to be specifically about engineering, in order to get a sense of to what extent students considered themselves engineers, as well as how they saw themselves fitting in to the engineering community at this college.
MAJOR FIT: This variable addresses student perceptions of belonging in their major. This question asks generally about student perception of belonging and ability to succeed, as well as distinguishing between social vs. academic fit.
Perceptions of Major and Supports
MAJOR PERCEPTION: In this variable, students were asked about their thoughts on their major's diversity, likelihood of encountering people who looked like them, and how they felt individuals were treated due to race, gender, and disability. The differentiation between belief, encounters, and treatment were made in order to distinguish between perceptions of the department as a whole vs. the actual experiences students are having.
ENGINEERING COMMUNITY: These questions refer to the social support component of belonging to a major both in and beyond the classroom. In addition to asking about friends/social support within the major, students were asked about their connections in the major more broadly.
FACULTY SUPPORT: These questions were combined from a few separate sections on the BRAID survey and adapted to a specific point of feedback at this particular university. Many students do not feel close to their faculty advisor, so students were prompted to think about the faculty member they felt closest to, and to answer these questions with that person in mind. Then, the students were asked whether the person they answered the above items about was their faculty advisor or not.
Other Variables in the Survey
The survey also asked about students' perception of family support, as well as their study and work habits, access to resources and study environments, and activities in high schools. These variables (except family support) start to describe behaviors, which is the third element of the climate model presented in Figure 1 . These other variables will be considered in future analyses.
Survey Piloting and Deployment
The survey was initially piloted with 10 alumni who graduated as mechanical engineering and design majors, as well as current biomechanical engineering students. Participants were invited to join a pizza dinner where they took the full survey and shared their comments and feedback in a group discussion. Important feedback was given regarding the language used to describe the department and the major, repetitive questions, suggestions to include questions about perceptions of inclusiveness (or lack thereof) towards students with disabilities, and the length of the survey.
Description of Sample and Data Analysis
The survey was administered in fall 2017 to the declared majors (some 300 students) in the mechanical engineering department via an email invitation from the ME department chair, the chair of the Undergraduate Curriculum Committee, the primary graduate student researcher, and the ME Student Services manager. This population included undergraduate mechanical engineering, biomechanical, and design. The study analyses included the mechanical engineering and design majors and excluded the biomechanical engineering majors since the small respondent size of this group would not allow meaningful comparisons by major. Table 2 shows the gender and major breakdown of the survey respondents. *Students were presented with 8 options for gender (allowing for as much or as little specificity about gender identity as the student desired). All but one respondent recorded male or female; therefore, analysis was conducted along a binary gender division.
The data analysis was completed using R, and any identifying student information was removed before analysis was performed. The primary statistical methods used were descriptive (n, mean, standard deviation), while additional t-tests and some Pearson's r correlations were performed to further examine differences between groups of students and relationships between variables.
Results
What we learned about Self-Beliefs Among Our Students
Here we consider what we learned about students' skill beliefs (Table 3) , ability confidence (innovation and engineering task self-efficacies, Tables 4A and 4B), sense of Engineering Identity (Table 5 ) and their sense of Major Fit (Table 6 ). These measures give us various windows into how students see themselves as engineers and engineering majors. More specifically, we look at how the items that make up these forms of self-beliefs vary when looking at the majors as a whole (total group), and how they vary across the two largest majors in the department (BSME, BS-Design), and between undergraduate women and men in the department.
Skill beliefs consider how confident students are in a set of career-and field-specific activity skills (Table 3 ). The total group is on the "agree" side of things (>3.0/5) for five of the six skills.
The only one falling towards "disagree" is related to winning an engineering contest (at 2.78). Both women and men, and BSME & BS-Design majors express similar (and relatively high) agreement with statements related to finding employment and completing their undergraduate degree. We do not see differences in the six skills between BSME and BS-Design majors, though when they are all rolled up into a single "Skill Belief" measure, BS-Design majors are less confident in these particular skill beliefs about career-and field-specific activity skills.
Differences emerge between women and men. Women express lower agreement with the statements about seeing themselves as engineering leaders and their ability to be admitted to graduate school. Innovation Self-Efficacy (ISE.6), one of the ability confidence measures on the survey, considers how confident students are in a set of skills/activities related to innovation (Table 4A) . When considered as a total group, they are on the "confident" side of things (>3.0/5) for all six items, and the total ISE.6 measure is consistent with other published data on engineering college students . All students are least confident regarding building a large network of contacts with whom they can interact to get ideas for new products or services, at 3.1/5. We see BS-Design majors being significantly more confident than BSME majors regarding asking relevant questions and generating new ideas (which is consistent with differences in program objectives of the two majors).
Differences emerge between women and men, with men being more confident on experimenting to understand, experimenting for new ideas and connecting concepts. Men's ISE.6 is significantly higher than that of women. Engineering Task Self-Efficacy (ETSE) considers how confident students are in a set of skills/activities related to engineering (Table 4B ). BS-Design major students are more confident in designing to requirements and building prototypes than BSME majors. Such high confidence in these two items is consistent with the goals of the BS-Design major.
The total group sampled is on the "confident" side of things for eight of the nine measures. The lowest confidence is expressed in "constructing math models". This is particularly striking for BS-Design majors (as compared with BSME majors) and women (as compared with men). Interestingly, BSME and BS-Design majors have similar overall ETSE scores, whereas women are lower than men. Engineering Identity considers how strongly students identify as an engineer and their engagement with engineering activities (Table 5) . Students were universally "high" on caring about performance (4.77/5), interest in applications (4.48/5), and interest in solving problems (4.78/5), as well as seeing themselves as an engineer (4.16/5). We see significant differences between women (vs. men) and BS-Design (vs. BSME) students on feeling welcome in engineering. On the measure of "having things in common with peers" we see that women are tilting to "disagree" (at 2.76/5), relative to men (at 3.64/5). Interestingly, the overall student response on this measure was at "3.19" (perhaps troublingly low). Major Fit considers students' feelings of belonging and fitting into their major (Table 6 ). Students as a whole are "high" on belonging in their major and that they can succeed in their major. They also indicate good academic fit, and slightly less good social fit. For the overall "Major Belonging" scale, BSME and BS-Design majors are similar. On the other hand, women's overall sense of "fit/belonging" is significantly lower than that of men in the sample. Based on the data in Tables 3-6 around student self-beliefs, we see several key areas for departmental exploration: how to increase students' confidence in being admitted to engineering graduate school and becoming an engineering leader, how to focus on increasing the confidence of female students in experimenting and troubleshooting, and ways to narrow the gap in "feeling welcomed in engineering" between women and men, and mechanical engineering and design majors. The data highlight some differences we were expecting (design majors are more confident in prototyping and generating ideas, mechanical engineering majors were more confident in constructing math models), and some difference that are more troubling, particularly around women and men's confidence in innovation and engineering task self-efficacy.
What we learned about Major and Support Perceptions
This category investigates students' perceptions of and experiences with being welcomed and included in their major, as well as their levels of support from a variety of sources (peers, family, and faculty).
Major perception considers students' perceptions on how diversity fits into the department's environment (Table 7) . Dimensions of diversity considered are race, gender, socioeconomic status, and disability status. Both women and men are on the side of "disagree" with regards to their major being gender balanced. Interestingly, this perception is much stronger among BSME majors than BS-Design majors. Overall, women perceive their majors as being less diverse than do men. 
Notes:
Major Perception Scale Cronbach's Alpha: 0.69 Likert scale, 1-5: Strongly Disagree -Strongly Agree †Weighted mean computed from the individual variables using respective n for each variable * p<.05, ** p<.01, *** p<.001
Engineering community considers students' connections to peers (Table 8 ). All students express strong agreement regarding having friends outside of their major (4.58/5). Interestingly, BSDesign majors express significantly greater agreement to knowing more students in other majors within the ME department (meaning BSME and BME majors) than do BSME majors; this is curious as the numbers of BS-Design and BSME majors are comparable, and they take a number of classes together. Worrisome is that all students lean towards "disagree" that their major has a strong out-of-classroom community. Faculty Support considers students' connections to faculty (Table 9 ). In five of the six items, students were in agreement that they are comfortable asking faculty questions (3.61/5), and feel that faculty are respectful (3.95/5). It will be important to consider in restructuring the advising model for the BSME whether or not we as a department are satisfied with scores that are less than four. The one item, perhaps unsurprisingly, that students disagreed with was regarding feeling comfortable discussing personal/life questions with faculty. 
The intersection of Self-Beliefs & Major and Support Perceptions
In the prior two sections we looked at the self-beliefs related to engineering and perceptions/sense of support expressed by undergraduate in the ME department being studied. These are two of the circles in our Climate Venn diagram shown in Figure 1 . Now we look at how these two intersect. This is a preliminary exploration of this "intersection" question, using simple correlations. This means that we cannot say anything about causation, only what things seem to be related. The correlation table is presented in Table 10 . These correlations begin to suggest that these resources/supports may work in different and complementary ways in building a positive climate.
Interestingly, ISE seems only weakly supported by the resources studied in this work. We have other research that shows that ISE is strongly supported by extra-and co-curricular experiences ).
Discussion
As a department assessment tool, we learned several important findings about our students' beliefs and perceptions of supports and procedures. First we highlight some areas where our department is doing well; the students are highly confident that they can complete their undergraduate degrees and communicate technical information. Despite some more nuanced beliefs around social groups and communities, our students feel that their major is a good fit and that they can succeed in their major. The students also indicated that they generally feel supported by at least one faculty member in the department.
When we look at areas where the department could explore improvement, this survey points to increasing confidence in finding employment upon graduation (perhaps focusing on BS-Design) and in improving access to training/advising in building a large network. We also note that the average score for perceptions of a strong out-of-classroom community was 2.84/5, below the neutral point on the agree-disagree scale. We plan to explore options for fostering a more tightlyknit student community potentially using building study spaces, academic and social activities outside of the classroom, and a peer advising program.
In comparing women and men across the Mechanical Engineering department majors, we are troubled that on a number of the self-belief measures (e.g., experimenting to understand how things work and to generate new ideas, integrating subsystems, analyzing systems, and troubleshooting failures) women expressed less confidence in their engineering and innovation skills. Women also expressed lower sense of engineering identity, a finding that is consistent in several research studies on engineering identity (Rinehart & Watson, 1998; Metz, Brainard, & Gillmore, 1999 ). When we look more closely at our engineering identity items, women see themselves as an engineer, have interest in solving problems and care about doing well with the same level of agreement as men, however, they feel less welcomed in engineering and that they do not have a lot in common with their peers. This is a key area for departmental exploration as social belonging has been shown to be important factor (Walton 2015) in academic success.
When we break down our survey results by BSME and BS-Design majors, it is troubling that BS-Design majors feel significantly less welcomed in engineering. On a more positive note, BSDesign majors expressed the same levels of engineering task self-efficacy as the BSME majors and were in fact more confident in aspects of engineering that are more emphasized in their major (e.g., building prototypes, generating new ideas and asking questions). The restructuring of course requirements for the new BSME major, though, might cause some shifting of intermajor dynamics -not all BSME students will be required to take certain mechanical design courses with BS-Design students, which is perhaps the strongest point of tension currently. Another way to consider this tension of feeling welcomed in engineering is to develop a course that more successfully shows the complementary nature of mechanical engineering and design, rather than further separating students.
This work is limited by the small sample size. That said, the findings are consistent with other, more informal data collection the department has undertaken in order to understand the culture/climate of the department, as well as more informal student social discussions about department climate.
Implications, Next Steps & Future Work
The information from this climate survey will allow the department to work on building community both inside and outside of the classroom. We hope to place particular emphasis on making all students feel welcome, feel a sense of belonging, and able to take on leadership roles. Based on the feedback regarding faculty support, we will also be piloting a new model of advising.
We plan to continue data analysis on other aspects of the Climate Model in Figure 1 , and further examine how student perceptions and self-beliefs impact their behaviors (study habits, time spent on various "life-tasks," extracurricular activities, etc.). This further analysis will enable us to better understand the complex interplay between formal classroom experiences and day-to-day choices, and work towards creating an environment where students can best take advantage of the opportunities university life has to offer.
While the Cronbach alphas were high on the variables, we need to run factor analysis on the independent variables to increase their "strength". Increasing the strength of the variables will allow us to shorten the survey, hopefully encouraging more students to complete the survey. Then we will potentially complete some modeling (e.g., dependent variable of Major Fit as a function of the supports).
We will conduct more in-depth analysis of this rich dataset, including looking at how the intersections may vary for different groups within the department. Additionally, while the population for this initial analysis was split by gender and major, but not both gender and major simultaneously. After creating a cumulative dataset by distributing the survey in the future, we will be able to conduct further analysis while considering the impact gender has within a major. This analysis could provide a more nuanced understanding of the student experience.
Lastly, another potential next step would be the study of the mechanical engineering departmental culture. Since the climate survey results shed light on the culture of the department, studying the culture within the department would provide a more expanded perspective on how the department functions and what aspects of the department could be improved upon.
This climate survey has provided a strong starting point to a department evaluation. Some of these questions are also being adapted for use in the survey given annually to graduating seniors, and will help to provide long-term data about the department climate.
